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It is considered the peculiarities of the transport properties of a nonideal plasma of underwater discharges at
pressure range from 1 up to 200 bar. The transport coefficient set based on the Grad’s method is compared with the
data obtained by using of the Lorentzian plasma theory at the same plasma composition. Also, the calculation data are
considered to be in reference with transport coefficients obtained by using the Chapman-Enskog’ method. It is pointed
that the nonideality effects are needed to take into consideration under calculation of properties of underwater

discharge.
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1. INTRODUCTION

Over the last decades a substantial growth has
occurred in technological applications and researching of
underwater discharges (arcs and electrical pulse
discharges) [1-5]. The most important influence on the
plasma of underwater discharges has the processes in a
zone of its contact with condensed medium.

At the initial stage of electrical pulse discharges
(EPD) small-scale irregularities of heat flow distribution
were detected on a surface of channels [1,2].
Development of such perturbations was accompanied by
space modulation of an irradiation intensity, strain of a
surface of channels, drop of conductance of plasma.
These excitations are connected with the development of
Rayleigh-Taylor instability. Thus in EPD it may be
realized the two different regimes of discharges the first is
characterized by developed perturbation and the second is
the discharges without it.

Because of that the nonideal plasma of EPD takes
place in various dense states. Also, that picture is
established in underwater arc discharges. In this paper it
is studied the peculiarities of the transport properties of
the nonideal plasma of underwater discharges in the
pressure range from 1 up to 200 bar.

2. METHOD TO CALCULATE TRANSPORT
PROPERTIES

It is considered the calculation of transport coefficients
(thermal conductivity, viscosity, electrical conductivity) in
dense water plasma. The most important factors determined
the properties are the following: gaseous and plasma non-
idealities, multicomponent contents. To include the factors
into consideration the combined calculation procedure is
used on the base of the Grad’s method [6,7] and Lee-More
theory [8]. The non-ideality corrections to equation of state
are made according to [9-11].

The obtained results are compared with the previous
calculations based on the Lorentzian theory (LM) [5,12].
Also, the calculation data are considered to be in
reference with transport coefficients obtained by using the
Chapman-Enskog method [13,14] and reference data
[15].

The algorithm of calculation consists of three stages.
At the first time it is needed to obtain the multicomponent

plasma composition under certain pressure and
temperature. This problem leads to the system of Saha
equations with lowering of ionization energies
supplemented by conservation of nuclei and electric
charge. The calculations are carried out, and the
following 13 species have been taken into account: €,
H,0, H,0", Hy, H,", OH, OH*, 02, 02", H, H*, O, O™

Having been obtained plasma composition, the
thermodynamic and transport properties of plasma can be
calculated in the , so-called, zero-density model (ZM) i.e.
without consideration of the nonideality effects. At next
stage the nonideality corrections are included to obtain
the set corresponding to the dense model (DM).

A number of the properties are very interested in the
connection of intended use to simulate underwater
discharges. Therefore it is focused attention upon such
properties.

3. RESULTS AND THEIR DISCUSSIONS

The results of calculations are shown in Figs. 1-6. One
can see that the properties of dense water plasma have a
pronounced non-monotone character with sharp pikes in
certain temperature and pressure ranges. The pikes are
appeared due to the dissociation, ionization and from
others effects. Thus, the viscosity peaks (Figs.5,6) are
caused by the dissociation and the presence of minor
additions of ions in gases at weakly ionization.

It should be mentioned that the plasma composition is
the same as used in paper [5] that it is allowed to compare
both the Grad method approach with the Lorentzian
theory. The results have a similar character at normal
pressure (Figs. 1,3,5). On the other hand at higher
pressure the essential discrepancy takes place
(Figs. 2,4, 6). One can be deduced that the effects of
nonideality have influence on the transport coefficients
mainly in more dense conditions and the Lorentzian
theory is suitable to calculate the transport properties of
multicomponent plasma at relatively low temperature and
normal pressure.

Also, one can see that the calculations of some
properties are in a good agreement with the data from
[13-15] at normal pressure. The results may be
distinguished due to the various initial data for
calculation.
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Fig. 1. Electrical conductivity of water plasma
( p =1 bar). Curves 1-Loretzian model (LM);

2- zero-density model (ZM); 3- dense model (DM);
4- data from [14]
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Fig. 2. Electrical conductivity of dense water plasma
( p =200 bar). Curves: 1-LM; 2- ZM; 3-DM
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Fig. 3. Thermal conductivity of water plasma ( p =1 bar).
Curves: 1-LM; 2- ZM; 3-DM; 4- data from [14]; 5- [13];
6-[15]
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Fig. 4. Thermal conductivity of dense water plasma
( p =200 bar). Curves 1-LM, 2- ZM, 3-DM
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Fig. 5. Viscosity of water plasma ( p =1 bar). Curves: 1-
LM; 2—DM; 3- data from [14]; 4- [13]; 5 -[15]
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Fig. 6. Viscosity of dense water plasma ( P =200 bar).
Curves: 1-LM; 2-DM

4. CONCLUSIONS

The properties of dense water plasma of underwater
discharges are essentially depended on both the
temperature and pressure conditions. The properties have
a pronounced non-monotone character with sharp pikes in
certain temperature ranges.

The calculations are carried out on the base of the
Grad’s method including the nonideality effects. At
atmospheric pressure the results are in a good agreement
with the previous calculations and data calculated on the
base of Chapman-Enskog’ method. On the other hand it
should be pointed that the nonideality effects are needed
to take into consideration under calculation of properties
of underwater discharge at high pressure.

The obtained results confirm the conclusion of paper
[12] that the Lorentzian theory is suitable to calculate the
transport properties of multicomponent plasma at
relatively low temperature and normal pressure. Also, it
should be born in mind that Lorentzian plasma model on
the one hand takes into account the kinetic effects and on
the other hand is characterized by relative simplicity,
which allows its use for direct computation of the
properties of plasma in the simulation of arc and pulse
underwater discharges at normal pressure.
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O TPAHCIIOPTHBIX CBOMCTBAX HEUJIEAJIBHOM IJIA3MBI IIOJIBOJTHBIX PA3PSJIOB
ILJI. Cmapuux, ILB. Ilopuukui

PaccMoTpeHBl 0COOCHHOCTH TPAHCIOPTHBIX CBOWCTB HEW/CaJbHOM IUIa3MBbl MOABOIHBIX Pa3psloB B IHAla30HE
nmasieHuit  1...200 6ap. TpancmopTHele KO3(QHUINMEHTH, KOTOPBIE PACCUMTHIBAIMCH HAa OCHOBE MeTona Ipaxa,
CpaBHHMBAIOTCA C pE3yJibTaTaMH, IMOJTYUCHHBIMU HCXOJA H3 ﬂOpeHHeBOﬁ TCOPpUH NPHU OJWUHAKOBOM COCTABE IIJIa3MBI.
Taxoke pe3ynbTaThl BBIYMCICHUH CPaBHUBAIOTCS C JAaHHBIMH, MOJYyYEeHHBIMH MeTonoM YenmeHa-DHCKora.
INomguepkuBaeTcs HEOOXOAMMOCTh NPHHATUS BO BHHMaHuEe 3((GEKTOB HEHICATBHOCTH IIPU pacyeTe CBOWCTB
MIOABOJHBIX Pa3psiIOB.

PO TPAHCHIOPTHI BJIACTUBOCTI HEIJIEAJIBHOI IIJIASMUY IMIABOJHUX PO3PSIIB
ILJI. Cmapuuk, I1B. Ilopuubkuii

Po3rnssHyTO OCOONMBOCTI TPAaHCHOPTHUX BIACTHBOCTEH HEimealbHOI IIIa3MH IMIJBOTHUX pPO3PSNiB B Jiama3oHi
tuckiB 1...200 6ap. Tpancnoptai koediuieHTd, mo OyiaM po3paxoBaHi Ha OCHOBI MeToay Ipena, MOPIBHAHO i3
pe3yabTaTaMH, sIKi IPyHTYBAJIUCS Ha JIOPSHIIEBIH Teopil 3a OJHAKOBOIO CKJIaay Iuia3Mu. Takoxk pe3yabTaTH 004YHCICHb
MOPIBHIOBAIMCS 13 JAHWMH, IO OTPUMaHi 3a JOMOMOrorw merona Yemmena-Enckora. HaromomeHo HEoOXigHICTH
B3SITTSI 10 YBaru e(heKTiB HelIeaibHOCTI TUIA3MHU JIJIsl PO3PAXYHKY BIACTUBOCTEH IIa3MHU MMiIBOIHUX PO3PSIIB.
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